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Hydrophillc papermaking fibres, pref. of cellulose ester 
material having less than 1.0 degree of substitution of 
hydroxyl gps., are subjected to mechanical deformation to 
twist, kink and curl them without breakage or fibrillation, 
specifically by dry hammermilling or wet refining. 

The deformations are retained for only a short time 
when wet with water, so the fibres are formed into aq. dis- 
persion and formed into a dewatered web before the deform 
ations disappear. 

ADVANTAGE 

Paper of high bulk, softness and absorbency is made win 
out additional ere ping steps. 

PREFERRED 

Pref. the dispersion is formed, with aq. medium foamed 
by adding a surfactant, and fibres in the dispersion include 
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at least 10% deformed fibres, the remainder being con- 
ventional papermaking fibres such as natural cellulosic 
fibres. 

Pref. the dispersion contains 0.3-1.2 wt % fibres. 
(40pp006RBHDwgNoO/0) . 
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© Fibrous webs of enhanced bulk and method of manufacturing same. 

© Fibrous webs of improved bulk and softness are pro- 
duced by subjecting hydrophilic papermaking fibers to 
mechanical deformation, e.g. hammermilling, sufficient to 
deform the fibers without substantial fiber breakage produc- 
ing treated fibers dispersing the resulting curled or kinked 
treated fibers, preferably in admixture with conventional 
papermaking fibers, in an aqueous medium to form a fiber 
furnish with minimal agitation, and forming a wet laid web 
from the resulting fiber furnish within a period of time, e.g. 
within 5 minutes, such that the deformations of the treated 
fibers are at least partially retained and impart enhanced bulk 
and softness to the finished fibrous web. 
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Fibrous Webs of Enhanced Bulk and 
Method of Manufacturing Same 

This invention relates to a process for the production of 
fibrous web products of enhanced bulk and superior forma- 
tion and to a process for making such fibrous web products. 
In one of its more specific aspects, this invention relates 
to a method for the production of improved fibrous web 
products comprising from about 25 to about 75% by weight 
treated natural cellulose fibers which have been mechan- 
ically deformed, and from about 75 to about 25% by weight 
untreated conventional cellulosic pulped fibers, in the 
present invention, conventional hydrophilic fibers suit- 
able for the making of paper are treated mechanically to 
impart short-lived deformations in the fibers which are 
then mixed with conventional cellulosic papermaking fibers 
in an aqueous dispersion anH t-H<=> rac.iu^ n j ,• „ ^ _ r 

e -— — — — ».«>( uupci j^uu ui 

mixed fibers dispensed onto a moving foraminous forming 
means to form a wet web. The wet web is then processed 
conventionally to a product web having enhanced bulk as a 
consequence of the presence of treated fibers incorporated 
in the product. 

In the manufacture of fibrous webs, for example, paper web 
products, such as paperboard and tissue products, conven- 
tional processing techniques dispense a dilute furnish 
consisting of an aqueous slurry of hydrophilic fibers, 
e.g., cellulosic fibers, onto a moving foraminous wire 
support means. Water drains through the support means, 
often aided by application of a vacuum forming a wet web of 
fibers on the wire. The wet web is dried subsequently, and, 
if desired, the web leaving the drier can be creped to 
achieve additional bulk and softness. In the process 
disclosed in U.S. Patent 3,716,449 to Gatward et al, 
incorporated herein by reference, the papermaking fibers 
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are uniformly dispersed in a foamed liquid comprising an 
aqueous solution of a foamable water-surfactant and the 
foamed liquid containing the fibers is dispensed onto a 
moving foraminous support means. 

In both processes, the wet web, prior to the thermal drying 
step, is often wet pressed by means of consolidation 
rollers to remove a portion of the residual water from the 
wet web thereby reducing drier load. As a consequence of 
wet pressing, a web of greater strength and density may be 
made, but the bulk of the product web is reduced. High bulk 
is desirable in many paper products to achieve high liquid 
holding capacity, and relatively low fiber content per ream 
of web product. 

It is known that kinked, bent, curled and otherwise dis- 

torted hvdrnnh i 1 i n f iWe „„_ i _ __ J _. . ... 

- r CAai "fiC( nacurai cellulose 

fibers, can be obtained by various known chemical and 
mechanical treatment methods and that such fibers are 
useful to enhance the bulk of fibrous webs. 

Present practice in the manufacture of webs having enhanced 
bulk and softness is to treat the^bulk enhancing fibers 
mechanically or chemically under conditions which produce 
essentially permanently kinked or curled treated fibers. 
It is also known that conventional wet milling of paper- 
making fibers produces treated fibers containing kinks and 
curls of transient duration in an aqueous environment. The 
energy required for wet milling is generally not of the type 
and of the severity necessary to permanently kink the 
fibers . 



The present invention relates to a process for the manu- 
facture of fibrous webs of enhanced bulk in which treated 
hydrophilic fibers, characterized by kinks, curls, bends, 
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twists or like deformations are disperse. ■ 
medio*, e^ably a foamed liq uid I," . " " aqUeous 
absorption and subsequent „„. "^mizes water 

t° their original foT °' °" trMt " «bers 

5 dispensed onto a movin, fo„ <3 " PerSion Mediately 
«hrous „eb Preferab yl I' ::i:r o r t PPO " ^ <° *»» 3 
of 0.5 to 5 minutes. L least ,„ D "* """" the 
"hers are iterated 7Z iTZ^T^ 
having high bulk, high porosity and^ ■ K k * 
I" Process results in a DM * ,1 ' * hl * h ahsorbency. The 
-ftness and absorbenoy Can ' J""" 1 "* "eater bulk. 

Products although with some s T"" 0 " 1 U1 ° 

some sacrifice of tensile strength. 

In carrying out the process 

» oellulosic paper web product J <° 
are employed, although the source of t h T °' ""^ 
identical. The preferred ,, J! J" flb « s -V be 
ventional bale pulp papermakVnVf ib^ " U «- 

by the sulfite, sulfate or J y be Produced 

" teristically, the conv^io/al " Pr ° CeSSeS - Ch ««' 
ossentially linear, with a fiber le" hb an ° 
to 6.0 The second r1 '"' between about l.o 

also hydrophilic, and are plefe'bl V "» 
characterized by kinks, curU "s / ^ 

25 tions. Although the leng r t 1 h S ' of tW1 "; « other deforma- 
cellulosic fibers in a relaxed st , '"""'4 treated 
to «.0 mm, their overall l e „ th ^ ^ ^ ^ 

considerably reduced The t r e a t d ^ is 
mechanicaUy by wet or „ e " Can be obtained 

" "berizing lj s oTbaL * ^ b y d e- 

treated hydrophiUc fiblr in a h ° nVenti0nal U "" 
device. f'bersxnahammermill or an equivalent 

in the process of this invention for makino 
-ventional oellulosic pulp is treate T 
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less than about one hour at a consi^ 

« we ig ht Percent water and th ™° ^ ° f b ^- n 2 to 

chest for storage for up to about Z ' 
consistenoy of the s!ush pu!p is su bs " ^ ^ 

5 between about 8 to about L ly lT^T * '"""^ * 
then transferred to a mix t.n* 1 ! 3 **** PIeSS ' 
^rophilio f ib ers. preferab "na tu I/o^U 
«e also added, along with sufficient " llalOSe £ibe «- 
aohieve a consistency^ between bL o TtH *° 
by weight. Th e forming medlum ^ ^ ^ " 

is a foamed dispersion comprising air , P"'«ably 
tant. Posing a lr , water and surfac- 

nature and severity of'la'i^-^ reSidence "ne. 

These parameters ar c H T" Pr ° CeSS te ™<>«««e. 
faiameiers are combined such fhaf ^ 

interval between incorporation of the trea/d"! ^ 
into the agueous foam in the mix tan, and d h ' 

allv h» „„ 6 mix tank should gener- 

ally be no greater than 10 minutes, preferablv ,„ 
than 5 minutes, under mixing conditions aoanteo t 
relaxation of the kinks and cu, ls ^ ° 
• uniform dispersion leaving the mix tank °" 
with foamed liquid from the silo to I ^ 
of between 0.3 to 1 2% fiber k * Consi «ency 

forming header and d - " * " ei9ht ' transferred to a 
^ ncduer, and dispersed nnfA ^ 

support means to form a wet „ e b a " 9 

foamed liouM „ a30r P°rtion of the 

cyiing/rL u;;irr f r support — 1 °< - 

ia web then follows a conventional path 



-5- 



01 01319 



through the remainder of the „e b manufacturing process. 

The products thus produced by this process have greater 
bulK han p roaucts made in Uke ^ ^ 

The process of this invention will ™ 

block flow diagram of the process- Fir, 91 , 
•Uagram of the process wherein a Jn Jire o "** 
employed, F1 ,. 3 is a ^r^^ZLZ^ "'^ 

r i Vel y the .Lion/hi;/:::^: sr :::: 

bers .„ an aqueous dispersion, the character of the . 
Phase of the dispersion, the efw „. " !! aqUS ° U5 
caliper of the finished web. -»"«•.«» and the 

Conventions! fibers may include synthetic fih 
polyester, polypropylene, polyethylene , ^ " 
nylon fibers, as well as cLl T P ° lyan,ide ' ™* 

-ers ^h « rayon 1 . 1 

lulose ester fibers. Th ese synthetic S'JE^^ 

losic fibers K 01 " COn4,ina "° n "ith natural ceUu- 
oes L Po " hen SPeCUiC " trib "- of the web are 

ceuuiic ^rr:; v in" end of — tic - 

-imately -i^rC^^irtr"' 
^hers provide absorbency. Th e conven „ al 7L7 s *T 
Porated into the webs of the present- • 
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The treated fibers are non-f ibrillated hydrophilic paper- 
making fibers which have been treated in a manner as to 
provide kinks, twists, curls, or other distortions, and may 
be derived from those above mentioned conventional fibers 
which are hydrophilic. Hence, the class of treated, i e 
anfractuous, fibers includes all of the natural cellulose 
fibers referred to above as well as chemically modified 
cellulosic ester fibers, which fibers are generally con- 
sidered hydrophilic when the degree of substitution of 
hydroxyl groups present therein is less than about 1.0. The 
plurality of intorsions present among the treated fibers 
provides said fibers with three dimensional character- 
istics not present substantially in the first class of 
conventional (untreated) fibers which are structurally 
ribbon-like, when laid in a web, the conventional fibers 
tend to lie flat within the web along the x-y plane. 
Conversely, the treated fibers are randomly H)^^,,^ 
three dimensional ly within the 

web. That is, there is substantial penetration of the 
treated fibers into the plane of the web (the z plane). 

The treated fibers are further characterized in that the 
degree of treatment is sufficient to create the kinks, 
curls and other intorsions, yet is not so severe that the 
fibers become permanently kinked. Thus, because the treated 
fibers are hydrophilic, they tend to return to their 
original shape in a relatively short time after they are 
slurried in an aqueous medium. The rate of relaxation of 
these relatively short-lived intorsions is relatively rap- 
id during the first few minutes after they are wet with 
water, but is dependent on a number of factors including the 
severity of treatment during preparation, the consistency 
of the slurry, the presence or absence of agitation, the 
severity and nature of said mixing (if any), the tempera- 
ture of the aqueous medium, the presence of wetting agents, 
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and the like. However, even under essentially ideal 
conditions of no agitation and ambient temperature, but at 
conventional process utilization consistency, i.e., con- 
sistencies less than about 10% by weight, the treated 
fibers relax consideraly after about 1 to about 10 minutes 
in a water environment. Conventional web manufacturing 
methods, which require pulping and storage operations that 
proceed over several hours, typically one to six hours with 
vigorous agitation, are thus not able to realize the 
advantage of the intrinsic nature of the treated fibers 
utilizable in the present invention. 

The preferred means for preparing the treated fibers is to 
defiberize dry laps made from treatable fibers in ajwmmer- 
milX,. By "dry" is meant that no free water is presentTn 
the fibers, although the laps, bales or the like will 
normally contain as much as about 15% equilibrium moisture 
by weight as a result of storage under atmospheric condi- 
tions . 



The. average residence time of the fibers in the hammermill 
is preferably less than about one second, thus providing a 
rapid method and means of preparation of the treated 
fibers. The moisture content of the fibers leaving the 
hammermill is about 1 to 5% by weight, and is essentially 
a function of the equilibrium moisture content of the 
particular fiber at the mill temperature. 

As an alternate to hammermilling, the treated fibers may be 
produced by wet milling in a disk refiner. The preferred 
wet milling apparatus is a Chemif iner m anufactured by Black 
Clawson Corporation. In the Chemifiner, fiber curling and 
J^nkihg is accomplished by subjecting a nodular mat of pulp 
to gyratory motion under compression between a driven disk 
and a hydraulical ly loaded eccentrically opposed "floating 



disk" rotating in the same direction at nearly the same 
speed. The patterned faces of the disks provide tractive 
surfaces so that the pulp nodules are continuously re- 
oriented as they roll and traverse from che center inlet 
port to the peripheral discharge zone. Pulp consistency is 
typically between J 5 and 50% fiber by weight, preferably 
between 30 and 45% by weight. Maximum hydraulic loading 
pressure is about 50 psi, while the floating disk rotates 
at a speed of between 100 to 500 ft./min. An eccentricity 
of 0.075 inch has been used to obtain suitably kinked 
fxbers. Disk clearance is variable but generally should be 
less than 0.1 inch, preferably about 007 inch. 

In a preferred embodiment of the process of the present 
invention, the treated kinked fibers as well as untreated 
conventional fibers are dispersed within a foamed liquid 
media comprising water, air and surfactant, the resulting 
foam furnish being dispensed onto a moving foraminous 
forming means to obtain a wet web of about 12% fiber by 
weight. Excess liquid draining through the foraminous 
forming means is collected and recycled in a closed loop 
system. The preferred foraminous forming surface is of the 
twin wire type, that is, two separate foraminous wires 
converging to form a nip, the furnish being jetted into the 
nip from a forming header provided with an injection 
nozzle. The wet web is then dried conventionally, the 
ultimate web product having a moisture content of about 5% 
water by weight. Standard processing treatments that may 
be performed on the web between forming and take-up on a 
parent roll include wet pressing, consolidation, embos- 
sing, and creping, each such operation being well known in 
the art of web manufacturing. 

The web. product comprises at least 10% by weight of the 
treated fibers described previously, the remaining 90 to 0% 
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by weight of the web being the aforesaid untreated con- 
ventional fibers. Preferably, the weight ratios of treated 
to untreated fibers is in the range about 3=1 to 1=3. 

Fig. 1 is illustrative of the process, illustrating the 

tZT ^ PrinCiPal ° PeraUn9 5tePS in ^ -4- 

format. Referring to Pig. 1, « pulp of untreateQ £ibe 
as hereinbefore defined, is first prepared in a manner 
conventional in the art. The P u4p may be obtained directly 
rom existing »U1 operations, or may be prepared from 
laps, bales, or rolls of untreated fibers in a repulping 
operation. Typically, the pulp slush thus obtained has a 
consistency of between about 3.0 to about 6.0, untreated 
fiber by weight Because a closed loop furnish system is 
used, the consistency of the untreated fiber slush pulp 
must be high enough to ensure that a surplus of water will 
not develop within the loop. For this reason the pulp is 
pressed to a consistency of between about 8 to about" 50% 
fiber by weight, preferably between 15 to 35». 

The high consistency slush pulp of untreated fibers is then 
dispersed within the foamed media along with treated ,i- 

Uouid ^ P T " red emb0dlme « * """"on of the foamed 
liquid recovered from the forming apparatus is used to 
provide a furnish prediction consistency of between about 
1.5 to about 4.0% fiber (treated and untreated, by weight, 
the refining portion of foamed liquid subsequently being 
used to further dilute the furnish to a final (headbox! 
consistency of between about 0.3 to about 1.2. by weight. 
The wet web is then laid as mentioned above. Any deficit 
xn water and/or surfactant circulation in the closed loop 
system is made up continuously by addition to the foamed 
liquid collection apparatus. 



Reference 



is now made to Fiq. 2 a Hpf a ii a j ri 

*t a aetailed flow diagram of 
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the preferred embodiment of the process. The apparatus of 
the process as well as the process start-up procedure 
developed to initially generate the foam medium is de- 
scribed in commonly assigned pending U.S. Patent Applica- 
tion S.N. 179,229 entitled "Apparatus and Method for the 
Manufacture of a Non-Woven Fibrous Web", filed August 8, 
1980 by James Cheshire et al, which application is incor- 
porated herein by reference. 

In the steady state operation of the process of Pig. 2 , the 
foamed furnish of about 0.3 to about 1.2 weight % con- 
sistency is jetted into a nip 14 formed between converging 
endless foraminous wires 11, 12 from headbox 21. wire 11 
is supported by rolls in conventional manner, rolls 16 17 ' 
18 being shown. Similarly, wire 12 is supported by ro'lls,' 
only roll 19 being shown in Fig. 2. The support rolls are 
positioned such that the wires 11. 12 are ^ _ 

around a portion of a smooth impervious cylindrical forming 
roll 20. m Fig. 2, the wire 12 is in direct contact with 
roll 20 (i.e., the inner wire), while the wire 11 (the outer 
wire) is superposed on wire 12. Rolls 16, 17, 19 and 20 are 
seated such that the nip 14 is formed tangential to roll 
20, the nozzle 22 of headbox 21 jetting the furnish 23 into 
said nip, thereby distributing the fibers contained herein 
randomly betwen the wires 11,12. The larger portion of the 
foamed liquid is pressed or squeezed from between the wires 
as they travel about the impervious roll 20, passes through 
the outer foraminous wire 11, and into a saveall 26 proxi- 
mate to said wire 11. A minor portion of the liquid, 
essentially water with a low concentration of surfactant, 
is retained within the distributed fibers. As the wires 11, 
12 diverge at roll 18, a wet web W is caused to remain on 
support wire 12 by application of vacuum in vacuum box 25 
although it is also possible for web W to follow the path 
of wire 11 if desired. Web W contains between about 85 to 
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about 93% water by weight, the remainder being the fibers 
and small amounts of surfactant. Some liquid is withdrawn 
by the vacuum means (not shown), and may be returned to the 
system. The wet web W is processed subsequently in a manner 
conventional to the art, ultimately being dried to less 
than about 3% to about 10% moisture by weight. 

Foamed liquid collected in the saveall 26 is withdrawn 
therefrom via line 27 and is directed to a silo 31, the 
inlet thereto being in the lower region of silo 31 and below 
the liquid level therein. Make-up water is added to the 
silo 31 through line 35, while make-up surfactant solution 
is added from surfactant mix tank 36 via pump 37 through 
line 38. An agitator 32 is provided in silo 31 to mix the 
15 contents thereof. 
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A pulp of -untreated fiber is prepared conventionally in 
pulp tank 40, the consistency thereof being about 1.0 to 
4.0% fiber by weight. A well mixed dispersion of the fiber 
is obtained by high shear agitator means 41. The pulp may 
be prepared as part of an integrated mill operation, or may 
be made by repulping laps, bales or rolls of dried untreated 
fibers. m the latter case of a repulping operation, a 
uniform fiber slurry is obtained by vigorous mixing for at 
least 15 -minutes, preferably 30 minutes or longer. Typi- 
cally, the pulping operation is performed batchwise, the 
slush pulp being subsequently stored in a machine chest 42 
having storage capacity of three to six hours or more to 
provide an always available supply of pulp. The slush pulp 
is withdrawn from tank 40 (or from the machine chest, if 
used) by pump 43 and is directed to a stock press 44. 
Leaving the stock press 44 through line 45, the pulp has a 
consistency sufficient to require the addition of make-up 
water and surfactant solution to the closed loop foam 
system via lines 35 and 38 respectively. A suitable stock 



-12- 



10 



press is available from Arus-Andri tz . The consistency of 
the pulp in line 45 can be calculated easily by material 
balance. In general, however, the consistency is between 
8 and 50 weight %, preferably between 15 and 35 weight % 
Water removed from press 44 is recycled to the tank 40 
through line 46, while the high consistency pulp of line 45 
is introduced to the mix tank 61 well below the liquid level 
therein. It is, of course, apparent that where webs of 100% 
treated fiber are to be made, that the above described 
pulping or repulping procedures are not required. 

Concurrently with the preparation of untreated fibers 
treated fibers are prepared for introduction into mix tank 
61. In the preferred embodiment, untreated pulp laps or 

15 bales 57 are defiberized in a hammermill 52 in a manner so 
as not to substantially create fibrillation of the fibers 
as mentioned above. Individual fibers 53, now having the 
aniractuous characteristics hereinbefore described, are 
transported pneumatically in duct 55 via blower 54 to mix 

20 tank 61, wherein they are added above the liquid level 
therein. Transport air is withdrawn from tank 61 through 
vent 63. y 
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Foamed liquid from the silo 31 is transferred by pump 65 
through line 66 to tank 61. Pump 65 is of the twin screw 
type capable of transferring low density liquids such as 
the foamed liquid. The volume of foamed liquid thus 
transferred is that amount necessary to obtain a mix tank 
consistency of between about 0.3 to about 4.0% fiber by 
weight, preferably between 1.5 to 4.0%. An agitator 68 
provides the requisite energy to disperse the fibers rap- 
idly, but gently such that wetting of the treated fibers is 
minimized as is hereinafter described. The foamed furnish 
of treated and untreated fibers leaves the mix tank 61 by 
Une 69, a twin screw pump 71 providing the motive energy 



therefor. The discharge from pump 71, line 72, is directed 
to a def laker 73, which is a very low residence time, high 
shear device capable of breaking apart bundle or clumps of 
fibers that may exist, and which would ultimately compro- 
mise the formation quality of the wet web W. The def laker 
73 comprises a plurality of disks with interlocking pro- 
truding fingers, through which the fiber bundles pass. The 
residence time in the deflaker is quite low, being on the 
order of a few seconds at commercial flow rates. A suitable 
deflaker is available from Impco-Escherwyss . 

In the preferred embodiment,, that is, where the mix tank 
consistency is between 1.5 to 4.0% fiber by weight, addi- 
tional foamed liquid is pumped from the silo 31 by twin 
screw pump 75 through line 76, and is combined with the 
deflaker discharge, line 74, the combined streams 78 being 
introduced to headbox 21. Screen 79 is provided in line 7 8 
to remove debris therefrom, which debris may cause mechan- 
ical problems in downstream equipment as well as poor 
product webs. The flow rate in line 76 is such that the 
furnish of line 74 is further diluted to a final (headbox) 
consistency of between about 0.3 to about 1.2% by weight. 
Where the mix tank consistency is less than 1.2% fiber by 
weight, further dilution is not required. 

It has been found that utilization of the process flow 
scheme just described, within operating constraints out- 
lined below, does not afford sufficient opportunity for 
relaxation of the treated fibers which, if laid conven- 
tionally, would lose their short-lived distortions and 
their high bulking attributes. The webs obtained by the 
present process have superior formation quality as com- 
pared with webs not containing treated fibers, and prepared 
by the conventional wet laid process. 
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The foamed liquid used herein comprises air, water and 
surfactant. The properties of the foam are dependent on air 
content, ranging between 55 and 75% by volume; the bubble 
size, ranging between 20 and 200 microns in diameter, and 
the surfactant selection. The surfactant may be anionic, 
non-ionic, cationic or amphoteric, provided it has the 
ability to generate a foamed dispersion. A preferred ionic 
surfactant is an alpha olefin sulfonate marketed under the 
trade name "Ultrawet A-OK\ by Arco Chemcial Company, 
Philadelphia while a preferred non-ionic surfactant isa 
peg-6 lauramide, marketed under the trade name "Mazamide L- 
5AC" by Mazer Chemical Co., Chicago. The concentration of 
surfactant in the silo 31 is about 150 to 450 ppm (parts per 
million) by weight, and varies within the process depending 
upon the material balance. About 4 to 22 kilograms or 
surfactant per kilogram of dry fiber in web W is lost from 

the system and. is made up thmmh i{ nA -30 n ,.uu-i. 

F 3-" ^ v • uvaxjju xc aize ana 

air content vary throughout the closed loop, and are self- 
regulating. 

As the liquid passes through wire 11 into saveall 26, air 
within the perforations of the wire 11 and ambient air is 
entrained in the liquid as it is drawn into the saveall 26, 
thereby increasing the air content of the foam to between 
about 70 to 75% by volume. The foam is transferred to silo 
31, the larger sized, more unstable bubbles stratifying in 
the upper region of the silo, forming a frothy layer. 
Because these large bubbles are low in liquid content, they 
tend to collapse, the liquid therein returning to the lower 
silo region. 

Liquid residence time in the silo is about 20 seconds, which 
time is sufficient to introduce make-up water and make-up 
surfactant solution. The removal of excess air and the 
introduction of surfactant, along with agitation by agita- 
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tion means 32 provides a foan, o£ about 
percent air by volume. preferably between 60 , , 70 
cent, „ith bubbles ranging in sl ,« „ " 6 ° 70 P er " 

-0 Microns, but typ'oa' "y^T f"' " '° ^ 

» micron.. The surface te j on ^ *™ *° * 150 

-ge of f rom about 20 to about ,0 dyne^ T T ^ 
suo 31 has a relatively lo „ viscosity as , *" 
the relatively large bubble size ch e C ° nS ^ uen « «* 

the range of about 10 cps (cent, Vlsc «ity being ln 

0 measured by a Brookf ed Z ZT ? ^ «** « 

v^cosity o f the foa m at roZZ^ " as " "*"'• 
*ord Ho. 4 cup is within the rang ^f 9 " \ 0 ^ * * 

* Ui to 11.3 seconds. 

in mi* tank 61. the foa. has substantially th. 

content and bubble size guality as u J™ 

of water added with the untreated fibers th k am ° Unt 

being mi „or in - comparison to the Jat er ' """ " 

art/i^H 4_ u iie water m re^i^ 

acaed through line 66. At the viscosity values o'fT T'" 
» «« tank 61, the untreated fibers and 1 
ly. the treated fibers f ron, duct 55 can be d lmp °" a "- 
and at low shear. Hence, residence til IaPldly 

tank 61, typically h e >„„ I " qUite low ln «i* 

typically below 5 minutes, D »f=„t. , 

minutes, for greater retention of the high bu lk ' 
of the treated fibers. Properties 

The agitator means 68 provides „ • 

fibers. For best dispersion 7 d ispersion of the 

between 1. 5 to 3. 5 % by we"! 7 T of 

Propeller type agitator, P"ferred. Low shear 

agitation drives are "V"'""'- 

minimum mixing "J^ ^ tor ^ ^ <° 

dispersion and operate at 'energy eve suo^th t' 

lance is m ini m i 2e d, yet is sufficient to ad 

perse the fibers. ««.nt to adequately dis- 



The ratio of the foamed liquid flow rate of line 76 to the 
flow in line 66 is from about 10:1 to about 6:1 in the 
preferred process embodiment. Hence, when foamed liquid 
from silo 31 is combined with the furnish from line 74, the 
foamed liquid within line 78 will have substantially the 
same quality as that in silo 31. 

The final (headbox) furnish in line 78, whether or not 
subject to dilution from line 76, is at a consistency of 
about between 0.3 to about 1.2% fiber by weight, and has a 
viscosity of about 10 cps to about 35 cps on a fiber free 
basis . 

Fig. 3 illustrates an alternate arrangement of a forming 
apparatus 100 comprising a single wire adapted for use in 
the present invention. Apparatus 100 is of the suction 
breast roll type wherein a single forming wire 102 par- 
tially encircles a breast roll 119, said wire 102 further 
being suggested and driven by additional guide rolls (not 
shown) of known construction. A headbox 104 feeds the 
foamed fiber dispersion hereinbefore described through 
conduit 103, and is positioned and operative to discharge 
same through the elongate nozzle 105. Nozzle 105 is 
fabricated with an upper arcuate wall 106 and an apron lip 
107 such that the foam dispensed therefrom is directed onto 
wire 102. A saveall 120 is positioned with its opening just 
below the region of the forming wire 102 tangent to and 
downstream of roll 109. 

Breast roll 109 is a hollow cylinder provided with a large 
number of perforations defined by large diameter outer 
bores 110 and lesser diameter inner bores 111, the bores 
being coaxial and whose axes extend radially of the roll 
109. A fine mesh screen 112 extends about and closely 
overlies the perforate outer surface of the roll 109. 
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Inside the roll 109 are a pair of low pressure zones 113, 
114 defined by suitable baffles and vacuum producing means 
of known construction, said baffles being positioned such 
that the portion of the roll 109 underlying arcuate wall 106 
5 of nozzle 105 is subject to the vacuum in low pressure zone 
114. A foil 121 on saveall 120 is positioned in a manner 
such that removal of liquid from the underside of wire 102 
is ensured as it carries the wet web away from the breast 
roll for subsequent treatment. 

10 

In operation, foamed liquid-fiber dispersion is dispensed 
onto the wire 102, liquid being withdrawn by vacuum zone 113 
through both wire and screen, said liquid being stored in 
bores 110. As wall 109 rotates, wire 102 parts from the 
15 surface of the roll 109 the liquid in bores 110 being 
centrifuged outwardly through the screen 112 into saveall 
120 The n from the saveall is returned to the silo 

through line 122. 

20 By including the treated fibers within the webs, the bulk, 
formation, liquid holding capacity, and softness pro- 
perties of the web are enhanced. Bulk as used herein is 
defined as the caliper of an eight ply web in mils divided 
by the web basis weight in grams per square meter increased 

25 eightfold, the caliper being measured at a constant load of 
26.6 g/cm 2 using a 5 cm anvil, unless noted otherwise. 

The improvement in bulk realized by the incorporation of 
the treated fibers appears to be dependent on a variety of 
30 factors. As between the wet and dry milling procedures 
previously described, dry milling, as in a hammermill, 
provides about 15 to 35% greater bulk, than wet milling, 
other parameters being constant, and is preferred. 

35 it has been found that a 0.3 to 4.0% consistency foam 
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furnish can be prepared in mix tank 61 using conventional 
agitation means, provided that the duration of fibers in 
the mix tank 61 is limited, on average, to less than about 
5 minutes for wet milled fibers. As indicated qualita- 
5 tively in FIG. 4, the bulk of the final web products is 
maximized by the lowest residence time and the least severe 
agitation required to produce substantial dispersion of 
the treated fibers in the furnish. Preferably, residence 
time is about 5 and about 3 minutes for dry and wet milled 

10 fibers, respectively. Residence time in the furnish trans- 
port line 78 is negligible because the duration is short as 
compared to mix tank residence time, and because axial 
mixing is low. Def laker 73 residence time is also too low 
to provide substantial relaxation of treated fiber char- 

15 acteristics. 

As would be expected, compaction of the web in any operation 
wherein the web is pressed, including for example the 
compaction provided by drying on a Yankee roll, reduces 

20 final web product bulk. However, a substantial beneficial 
effect on bulk due to the use of the treated fibers remains. 
In general, the bulk of the webs of the present invention 
which are wet pressed subsequent to forming in order to 
reduce the drying load are approximately equal to the bulk 

25 of conventional wet laid webs which have not been wet 
pressed. The bulk of such products is significantly 
greater than like products of conventional untreated fi- 
bers . 

30 It has also been found, however, that bulk lost during 
compaction is recovered by creping the web, preferably just 
as the web comes off the Yankee. Apparently, the creping 
operation, which provides softness to towel and tissue 
products by breaking excessive hydrogen bonds extant in 

35 conventional paper products, releases treated fibers com- 



pressed during compaction and locked in place during dry- 
ing, and allows these fibers to substantially "spring back" 
to their contorted shape. It should be understood that the 
treated fibers as defined herein do not lose their desir- 
able bulking properties in the dry state. 

Example 1 

Although comparisons are at best only guides to the bulk 
enhancement achieved by the process, Table 1 below illus- 
trates typical results obtained in the preparation of 
handsheets. 

Water formed handsheets comprising 100% untreated fibers 
were formed as follows: The pulp was placed in a British 
Disintegrator at a consistency of 12.5 g/1 and mixed for 5 
minutes. . The slurry was then diluted to about 0.3% con- 
sistency, and the handsheet formed in a Williams sheet 
mold. The sheet was removed from the mold using a fabric 
and vacuum, and then transferred to a blotter. For com- 
pacted handsheets, the blotter was placed on a metal plate 
with the handsheet face up. A wet blotter was placed atop 
the handsheet, and a second metal plate placed thereon. The 
metal plates were then passed through an unloaded Appleton 
Handsheet Calender at low speed. Both non-compacted and 
compacted handsheets (and first blotter) were dried on a 
hot plate. Basis weight of sheets thus formed were 
24.13 g/m2. 

The foam media handsheets were made by preparing a suitable 
foam in a Denver cell using water and Arco "Ultrawet A-OK" TM 
surfactant. The foam was transferred to a high speed mixer 
operating at 15,000 RPM along with sufficient fiber to form 
the sheet. Mixing was performed for 30 seconds. The foam 
furnish was then poured into a Williams sheet mold. Sub- 
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sequent steps were the sane as the water forced handsheets. 

Table 1 



Bulk 

mil/g/m2 Non _ 
Compacted Compacted 



Fiber Type 


Amount 
(%) 


Forming 
Media 


Untreated 


100 


Water 


Untreated 


100 


Foam 


Wet Milled 


100 


Foam 


Dry Milled 


100 


Foam 



°-207 0.321 

0.240 0.372 

°-280 1.468 

°-326 0.508 



the bulk of the untreated webs from 0.207 to 0.240 mil/ g/ „2 
« the case of compacted sheets, and from 0.321 to 0.372 

■; I , S/5/ ; f ° r «"-". the improvements being 
15.7 and 15.8% respectively. Further (-.., ... „ .. 

were obtarned in webs made of treated fiber, particularly 
from dry mrlled fibers. Compacted webs of wet milled fibers 
had a bulk improvement as compared with foam formed un- 
treated fxbers of „.a%. while dry milled compacted weba 
had an improvement of 35.9%. similar results were observed 
for non-compacted webs made from the treated fibers. 

As the interstitial voids in a web are increased, the 
absorbency rate of the product web increases, apparently 
due to decreased resistance to fluid flow, oil holding 
capacrty rncreases 50 to 500 percent (based on weight of the 
Oil absorbed per unit weight of dry fiber) as the inter- 
stitial voids are increased by the substitution of treated 
fibers for conventional fibers in the finished web. Water 
holding capacity also increases as a result of the greater 
porosity of the webs as determined by the Proposed ASTM 
Method, submitted to ASTM Committee D-« entitled "Water 
Holding Capacity of Bibulous Fibrous Products". 
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By the process of this invention, the formation of the 
product web is greatly improved as compared with webs 
produced by conventional processes that is, the uniformity 
of the distribution of individual fibers comprising the web 
5 is enhanced as observed by absence of floes in the web upon 
visual inspection. A better formed web characteristically 
improves subsequent web processing operations inasmuch as 
the web is less likely to tear, during drying, creping, 
embossing and the like on a hi§h speed fourdrinier machine. 

10 Formation of the web may be measured in a Thwing formation 
tester under Method No. 525 of the Institue of Paper 
Chemistry. In this procedure, the degree of uniformity of 
the web is ascertained by the degree of uniformity of light 
transmission through an area of the web. The Thwing Index 

15 (ti) is the ratio of localized variations in transparency 
to average transparency. Low basis weight products ob- 
tained by conventional web processing methods, e.g., tis- 
sue, towel, and napkin products having a basis weight 
between about 13 to 80 g/m 2 , have a TI of between 5 and 15, 

20 which values are, of course, dependent upon process con- 
ditions and operations. At slower wire speeds, TI values 
are higher, while at faster speeds, the formation is 
affected adversely. For webs prpnared on a high speed pilot 
machine in accordance with the process of the present 

25 invention, wherein coarser treated fibers are incorpo- 
rated, TI values were measured at between about 20 to 25, 
significantly higher than comparative wet laid webs. It is 
also expected that high bulk products having very high TI 
values can be made, and that these products can be made at 

30 faster wire speeds than those used currently to make low 
bulk, high TI products. 

The tensile strength of the product webs produced by the 
process of this invention are generally less than those 
35 produced by conventional wet pulp papermaking processes. 
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In our process, tensile strength is reduced as the relative 
proportions of treated fibers to untreated fibers in the 
product web is increased. The reduction in tensile 
strength occurs because the treated fibers in the web are 
less capable of hydrogen bonding than are regular fibers 
due to reduced active surface area available for bonding, 
in webs containing 50% by weight or less of the treated 
fibers, sufficient hydrogen bonding is obtained to provide 
' a product web of adequate strength. Minimum geometric mean 
tensile strength for products of the present invention 
would be about 400 g/7.62 cm strip, although preferably 
minimum geometric mean tensile would be between 400 to 
about 700 g/7.62 cm strip sufficient to meet acceptible 
standards applicable to the particular end use. For 
certain products, for example, low basis weight tissue and 
towel products, high tensile due to hydrogen bonding is 
disadvantageous; webs produced by conventional processes 
are often creped to eliminate excessive hydrogen bonding 
and to provide softness. With webs containing more than 50% 
by weight of treated fibers, a bonding agent may be used to 
provide added tensile strength as required by the ultimate 
end use. Suitable bonding agents include cationic starch; 
polyvinyl alcohol; pearl starch; natural gums (tragacanth, 
karaya, guar); natural and synthetic latex, including 
polyacrylates, e.g. polyethylacrylate, and copolymers; 
vinyl acetate-acrylic acid; copolymers; polyvinylace- 
tates; polyvinyl chlorides; ethylene-vinyl acetates; sty- 
rene-butadiene carboxylates; polyacrylonitr iles; and 
thermosetting cationic resins, eg. urea formaldehyde res- 
ins, melamine formaldehyde resins, glyoxal-acrylamide 
resins and polyamide-epichlorhydrin resins as disclosed in 
U.S. 3,819,470. Bonding materials are desirable where the 
conventional fibers used in the web are not self -bonding, 
as in certain synthetic and chemically modified cellulosic 
fibers. 
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Example 2 

A series of three runs were made on a high speed twin wire 
paper machine at about 300 m/min. One run was a control 
5 using repulped Ontario Softwood Kraft (OSWK) fibers that 
had been refined to 400 CSF. Two subsequent runs were made 
using 100% dry milled fibers comprising a mixture of 
softwood spruce fibers from Stora-Koppersburg and Rayfloc 
* XJ southern softwood fibers from Ranier Corporation 
10 (hereinafter Stora-XJ fibers) said fiber mixture having 
been treated previously with a debonding agent. In each run 
the Stora-XJ fibers were added directly to the mix tank, the 
furnish therein being at 1.8% consistency. Headbox con- 
sistency was adjusted to 0.45% by dilution with foamed 
15 liquid from the silo. Arco "Ultrawet A-OK" surfactant was 
used to generate the foam in all runs. The amounts of fiber 
used in each run was such as to obtain product webs of 
comparable basis weights. The webs were wet pressed and 
subsequently dried and creped on a Yankee dryer, but were 
20 not calendered. 

Web properties for each run are tabulated below: 



25 



30 



35 



oi oi 3i y 
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Table 2 



Run No. 



Fiber Type 100% OSWK 100% Stora-XJ 

Basis Weight, g/ro 2 57.9 58.1 62.3 

8-Ply Caliper, mils 77.5 157.3 147.3 

Bulk, mil/g/n.2 0.167 -0.338 0.296 

Percentage Solids on Wire: 



Before Vacuum 


8.8 


20.2 


n/a 


After Vacuum 


15.7 


31.9 


n/a 


% Solids on Pelt 


19.8 


23.3 


n/a 


% Solids at Yankee 


43.7 


57.9 


n/a 


Instron Dry Tensile, 








g/7.62 cm 








MD 


9840 


146 


385 


CD 


3148 


56 


221 


MD/CD 


3.1 


2.6 


1.7 


Instron Elongation, percent: 








31.2 


17.7 


25.9 


CD 


3.6 


8.0 


5.2 



Oil Holding Capacity Ratio 

g oil/g fiber 3.13 9.24 7.23 
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Although substantial improvement in bulk was realized for 
both webs made of Stora-XJ fibers, these webs had low 
tensile properties. Low tensiles were expected inasmuch as 
dry treated fibers have low fiber bonding tendency, Fur- 
5 ther, the presence of debonder lowered bonding even more. 
The high tensiles of the OSWK web is attributable to the 
refining of OSWK fibers prior to their use. A comparison 
of the percent solids data for runs 1 and 2 indicates that 
water drainage was superior from the pores, high bulk web 
10 comprising the treated fibers. Similarly, the high bulk of 
the webs of runs 2 and 3 provided significantly higher oil 
holding capacity for these webs. 

Example 3 

15 

Test runs were made on a high speed twin wire paper machine 
operating at 457 m/min e In each run a pulp of 3.5% 
consistency was made comprising 50% OSWK and 50% OHWK 
untreated fibers. Treated fibers were not included in 

20 these runs, which are controls. After pulping the slush 
pulp was pressed to 28% consistency and added to the mix 
tank, and a foam furnish of about 0.6% fiber by weight 
delivered to the headbox. Air content ranged between 58 to 
70%. The webs were wet pressed, dried and creped. In Runs 

25 5 and 6 the webs were calendered. 

Properties of these webs are tabulated below: 

30 



35 
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Table 3 



10 



Run Wo. 
Fiber Type 

Calender Roll Pressure, 

kg/m 2 
Basis Weight 
8 Ply Caliper, Mils 
Bulk, mil/g/m 2 



50% OSWK/50% OHWK 

3515 3023 

14.2 17.6 

45.9 47.1 

0.248 0.206 



15 



Instron Dry Tensile, 
g/7.62 cm 

MD 
CD 

un /rn 



429 
275 
1.6 



732 
542 
1.35 



20 



25 



30 



35 



Instron Elongation, %: 
MD 
CO 



EXAMPLE 4 



26.4 
4.8 



24.3 
3.7 



A series of eight runs were made on the high speed twin wire 
machine at 457 m/min. The webs were made with a blend of 
OSWK and Stora-XJ fibers in accordance with the present 
process except that the treated fibers were admixed in the 
pulp tank for about five minutes rather than direct dis- 
persion in the mix tank. One set of runs (Group A) 
contained a 50-50 mixture of the aforesaid fibers; the runs 
of Group B comprised 72% treated fibers and 28% untreated 
fibers. Webs in both sets of runs were formed at a 
consistency of about 0.60% fiber by weight, and the air 
content of the foam was about 65-66% at the headbox. The 
wet webs were pressed, transferred to a felt, and dried and 
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creped. Each web was calendered at roll pressures of 
between 140 and 560 g/cm 2 , as noted. It should be under- 
stood that the five minute mixing period for those runs 
involving pulp tank addition of the treated fibers is 
considerably less than the pulp preparation time in com- 
mercial facilities. Even so this unusually short period of 
treated fiber high shear mixing produced a noticeable 
decrease in bulk. For example, Run 6 provided a web of 
0.265 mil/g/m 2 as compared to bulks of 0.284 and 0.281 for 
the webs of Runs 15 and 16, respectively, in Example 5. 

The web properties are tabulated below: 

Table 4 

GROUP A 



Kun NO. 



20 



Fiber Type 

Calender Pressure, g/cm 2 



50% OSWK/50% STORA-XJ 



140 



350 



560 



Basis Weight, g/m 2 



29.30 



28.48 28.64 



2 5 8 Ply Caliper, Mils 



62.2 



58.2 



51.7 



Bulk, Mil g/m 2 



0.265 



0.255 0.226 



30 



Instron Dry Tensile, 
g/7.62cm 

MD 
CD 



1485 
965 



1334 
850 



1403 
881 



Instron Elongation, % 
35 MD 

CD 



40.7 
4.9 



39.2 
4.5 



36.8 
4.6 



01 oi 3i y 
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5 Run Ko._ 
Fiber Type 



10 



15 8 Ply Caliper, 
Mils 

Bulk, 

Mil/g/ro 2 



20 



25 



CO ■> 
w w • •» 



groupb. 



11 



12 



q 10_ 

28% OSWK/72% STORA-XJ 



Calender 

Pressure g/m* 140 HO 



Basis Weight, 

g/m2 27.34 30.3 



instron Dry 
Tensile t 
g/7.62 cm 

MD 

CD 



390 
397 



68.4 



0.312 0.282 



533 
533 



140 



350 



29.1 



70.3 



540 
540 



26.9 



63.4 



13 



560 



27 



59.3 



0.302 0.295 0.275 



454 
454 



504 
504 



30 



instron 
Elongation, % 

MD 
CD 



40.5 
5.3 



37.0 
4.7 



36.5 
5.7 



32.6 
6.0 



32.2 
6.6 



35 
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EXAMPLE 5 



10 



A series of four runs were made on the high speed twin wire 
machine at 457/m/min. The webs were made with a blend of 
OSWK nd Stora-XJ dry milled fibers in accordance with the 
process of this invention. The milled fibers were added to 
the mix tank. The four runs used a 50/50 blend of said 
fibers, and the webs were formed at a consistency of 0.6 
percent, the foam having an air content of. 67% at the 
headbox. The wet webs were pressed, transferred to a felt, 
dried and creped. 

The' webs were calendered as noted below and had the proper- 
ties tabulated: 



15 



20 



25 



30 



35 
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Table 5 



Run No. 

5 Fiber Type 

Calendering Roll 
Pressure, g/cm 2 

10 Basis Weight, g/m 2 

8-Ply Caliper, Mils 



14 



15 



16 



17 



Bulk, Mil/g/m 2 



15 



Instron Dry Tensile, 
g/7.62 cm 

MD 
CD 

20 MD/CD 

Instron Elongation, % 
MD 
CD 



50% OSWK/50% Stora-XJ 



140 



31.7 30 



140 



30.8 



87.8 65.9 69.1 



628 
475 
1.3 



37.8 
5.9 



742 
602 
1.2 



36.2 
5.0 



748 
539 
1.4 



39.5 
6.1 



350 



29.8 



62.2 



0.346 0.275 0.280 0.266 



842 
596 
1.4 



37.7 
5.7 



25 



30 



35 
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EXAMPLE 6 

Eleven runs were made on the high speed machine operating 
at 305 m/min. using a foamed liquid furnish. The treated 
5 fibers used therein were introduced at the mix tank. Runs 
18 to 20 were controls using 100% untreated OSWK fibers 
refined to 480 CSF. Runs 21 to 24 contained a mixture of 
50 percent untreated OSWK fibers and 50 percent dry milled 
Stora-XJ fibers as previously described, while runs 27 to 
10 30 contained 20 percent untreated and 80 percent treated 
fibers. 

Table 6 



15 Run No. 

Fiber Type 
Calendered 

20 

Basis Weight, g/m 2 

8-Ply Caliper, Mils 

25 Bulk, Mils/g/m 2 

Dry Tensile, 
g/7.62 cm 

MD 

30 CD 

Elongation, % 
MD 
CD 

35 



18 19 20 

100% OSWK 
No No Yes 

24.2 44.6 23.3 

57.5 72.7 51.0 

0.297 0.204 0.274 

1172 4148 999 

619 2133 565 

35.7 36.5 32.5 

4.6 3.1 4.7 
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25 



30 



Table 6 (continued) 



Run No. 



21 



22 



23 



24 



5 Fiber Type 



50% OSWK 50% STORA-XJ 



Calendered 



No 



No 



Yes 



Yes 



10 



Basis Weight, g/m 2 21 



24.9 23.6 24.1 



8-Ply Caliper, Mils. 66.4 72.8 69.0 70.9 



Bulk, Mils/g/m 2 



0.395 0.365 0.365 0.368 



15 Dry Tensile, 
g/ 7 . 6 2 cm 
MD 
CD 



288 
152 



354 
176 



470 
212 



249 
128 



20 Elongation, % 
MD 
CD 



27.2 
7.9 



27.3 
8.1 



32.3 
7.1 



26.8 
8.8 



35 
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fi f continued) 



10 




Run No 
5 Fiber Type 
Calendered 



15 



Basis Weight, g/m' 



8-Ply Caliper, Mils 

Bulk, Mils/g/m 2 

Dry Tensile, 
g/7.62 cm 



CD 



20% OSWK 80% STORA-XJ 



No 



29.8 



104 



0.439 



137 
59 



32.4 41.3 



44.8 



.7 112.4 110.6 112.0 



0.434 0.335 0.312 



149 
66 



471 
221 



417 
226 



20 



Elongation, % 
MD 
CD 



23.0 
10.9 



21.9 
9.4 



25.5 
5.2 



23.6 
5.6 



25 



The preceding disclosure is to be considered exemplary of 
the invention disclosed therein, the scope of said inven- 
tion being defined by the claims appended below. 



30 



35 
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Claims : 

1. A process for the production of a fibrous web which 
comprises: 

5 a) forming treated hydrophilic papermaking fibers 

characterized by induced twists, kinks and curls 
and having the ability to retain their induced 
characteristic shapes for only a relatively 

10 short period of time when wet with water by 

subjecting hydrophilic papermaking fibers to 
mechanical deformation without substantial fib- 
rilation or breakage of the fibers; 

b) forming a dispersion comprising said treated 
15 fibers in an aqueous medium capable of supporting 

and transporting said fibers, and 

c) forming a dewatered fibrous web from said dis- 
persion within a period of time such that said 
treated fibers retain at least part of their 
induced characteristics in the web. 

2. A process according to Claim 1 wherein said dispersion 
is 'formed with low shear agitation. 

3 a process according to Claim 1 wherein said dispersion 
has a consistency of from about 0.3 to about 1.2 percent 
fiber by weight. 

4 A process according to Claim 1 wherein said dispersion 
30 comprises a mixture of said treated fibers and conventional 

papermaking fibers and wherein said treated fibers com- 
pris at least 10 percent by weight of all fibers present 
in said dispersion. 



20 



25 



35 
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5. The process of Claim 1 wherein the papermaking fibers 
are natural cellulosic fibers. 

6. The process of Claim 1 wherein the treated hydrophilic 
5 papermaking fibers comprise cellulose ester fibers having 

a degree of substitution of hydroxyl groups therein of less 
than 1.0. 

7. The process of Claim 1 wherein said treated fibers are 
10 produced by hammermilling dry natural cellulosic paper- 
making fibers* 

8. The process of Claim 2 wherein said treated fibers are 
produced by wet refining natural cellulosic papermaking 

15 fibers, 

9. The process of Claim 7 wherein the moisture content of 
the treated fibers leaving the hammermill is preferably 
between 0.5 and 3.0% by weight. 

20 

10. The process of Claim 1 wherein the foamed dispersion 
contains a surface active agent to promote foam formation 
and enhance foam stability. 

25 11. The process of Claim 1 wherein said period of time is 
not greater than 5 minutes. 

12. The process of Claim 1 wherein said aqueous medium is 
a foamed aqueous liquid. 

30 

13. The process of Claim 12 wherein the foamed aqueous 
liquid contains from about 55 to about 75% air by volume, 
the air being present as dispersed bubbles in the size range 
of from about 20 to about 200 microns. 

35 
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14. The process of Claim 4 further comprising the steps of 
dispersing the conventional papermaking fibers and treated 
papermaking fibers in foamed aqueous liquid to form a 
dispersion containing from 1.5 to 4 percent fibers by 
weight, and adding a further amount of foamed aqueous 
liquid as diluent to produce a dispersion containing 0.3 to 
1.2 percent fiber by weight. 

15. The process of Claim 13 wherein the consistency of the 
first dispersion before addition of diluent is from about 
1.5 to about 3.5 percent fiber by weight. 

16. The process of Claim 4 wherein the treated fibers 
comprise from about 25 to about 75 percent by weight of all 
fibers present in the dispersion. 

17. The process of Claim 12 wherein the residence time of 
the treated fibers in the aqueous dispersion is not more 
than about 3 minutes. 

18. The process of Claim 14 wherein the web is formed on 
a foraminous support means and foamed aqueous medium pass- 
ing through the support means is collected and recycled as 
diluent. 



TREATED FIBER 
PREPARATION 



FI6.I 



MAKE-UP 



LIQUID 



FOAM 
RECONSTITUTE 



FIG.3 



PULPING 






PULP 
PRESSING 


'1 




FURh 
PREPAI 


JISH 

RATION ! 




WEB 
FORMATION 



J 



WEB 

DRYING 



CONVERSION 




ui ui 31 y 




0101319 




(HON! NVdO SHlONVSnOHl) 
Aid / H3dlTV0 



